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$s$ $[0,1]^{s}$ $f(\mathrm{x})$
$I= \int_{0,1}[]^{s}f(\mathrm{x})$ dx (1)
, ,
. $s=1$ , ,
. – , $s>1$ .
, 1 , ,
, . , ,
, ( )
, , . ,
.
, ,
, (1) “ ” $\{\mathrm{x}_{i}\}\in[0,1)^{s}$
$I_{N}= \frac{1}{N}\sum_{=i1}^{N}f(\mathrm{X}_{i})$ (2)
. , . ,
,
. , . ,
, .
2
$f(\mathrm{x})$ $s$ $[0,1]^{s}$ . $P=\{\mathrm{x}_{i}\}_{i1}^{\mathrm{v}}J=\in$
$[0,1)^{s}$ $D_{N}$ .
$DN= \mathrm{s}\iota_{J}\iota \mathrm{p}|\frac{A(J,P)}{N}.-\mathrm{V}(.\cdot J)|$ . (3)
$\sup$ $J=[0, t_{1})\cross\cdots\cross[0, t_{S})\subset[0,1)^{s}$ , $A(J;P)$ $J$
$P$ .
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, Koksma-Hlawka .
$| \frac{1}{N}\sum_{i=1}^{N}f(\mathrm{X}_{i})-\int 10,1]^{S}\mathrm{x}f()\mathrm{d}\mathrm{x}|\leq V(f)D_{N}$ . (4)
, $V(f)$ $f$ (Hardy-Krause ) .
, $(t, s)$-sequence , $D_{N}$ $\mathrm{O}((\log N)^{s}/N)$
( $s$ ) ,
.
, $(t, s)$-sequence [3]. ,
$\grave{7}$ .
1( ) $s\geq 1$ $b\geq 2$ , $b$
$E= \prod_{j=1}^{S}[\frac{a_{j}}{b^{d_{j}}},$
$\frac{a_{j}+1}{b^{d_{\mathrm{j}}}})$ (5)
. , $d_{j},$ $a_{j}$ , $d_{j}\geq 0,0\leq a_{j}<b^{d_{j}}$ .
2( $(t,$ $m,$ $s)$-net) $s,$ $m,$ $t,$ $b$ $s\geq 1,$ $m\geq 0,0\leq t\leq m,$ $b\geq 2$ . $s$
$I^{s}$ $\{\mathrm{z}_{i} : i=1, \ldots, b^{m}\}$ , $b^{t-m}$ $b^{t}$
, $b$ $(t, m, s)$ -net .
, $(t, s)$-sequence .
3 $((t, s)$-sequence) $t\geq 0$ . $\{\mathrm{z}_{n}\}$ , $k\geq 0,7n>$
$t$ $\{\mathrm{z}_{n} : \dot{n}=kb^{m}, \ldots, (k+1)b^{m}-1\}$ $(t, m, S)$ -net , $b$ $(t, s)-$
sequence .
$(t, s)- \mathrm{s}\mathrm{e}\mathrm{q}\iota \mathrm{l}\mathrm{e}\mathrm{n}\mathrm{C}\mathrm{e}$ , Sobol’ Faure . Sobol’ ,
, $GF(2)$ $p_{i}(x)$ $s$ ,
$\Sigma_{i=1}^{s}\deg$pi( , $t=\Sigma_{i=1\mathrm{g}p}^{S}\mathrm{d}\mathrm{e}i(x)-s$ 2 $(t, s)$ -sequence
, Faure $s$’ $P$ $(.0, s.)$ -sequence .
, $(.t, s)$ -sequence , $?n$





( $t$ , 7 $s$ )-net , . , $(t, 77?, S)-$





$\{\mathrm{z}_{i}\}$ $(t, m, S)$-net . $\mathrm{z}\dot{.}=(Z_{i}^{1}, \ldots, Z_{i})s$ , $z_{i}^{j}=$
$\Sigma_{k=1^{Z}\cdot jk}^{\infty}\cdot b-k,$ $0\leq z_{ijk}<b$ . $.\{\mathrm{z}_{i}\}$ $\{\mathrm{x}_{i}\},$ $\mathrm{x}_{i}=(x_{i}^{1}, \ldots, X_{1}.)S,$ $x_{i}^{j}=\Sigma_{kjk}^{\infty}=1^{X}ib^{-k}$
.
$x_{ij1}$ $=$ $\pi_{j}(Z:j1)$ ,
$x_{ij2}$ $=$ $\pi_{jz_{j1}}.\cdot(z_{i2}j)$ ,
$x_{ijk}$ $=$ $T_{j_{Z}}-(:j1^{Z}:j2\cdots Z:j,k1ijk)Z$ .
$\pi$ $0,1,$
$\ldots,$ $b-1$ , $b!$ – . $\pi_{j}$ $i$
$z_{i}^{j}$ . $\pi_{jz:j1}$ 2 , 1







$\mathrm{u}$ $[0,1)^{s}$ , $\mathrm{x}_{i}=\mathrm{z}_{i}+\mathrm{u}$ (mod 1) . ,
$\{\mathrm{z}_{i}\}$ – , $[0,1)^{s}$ ,
$[0,1)^{s}$ .








, . , $[0,1]^{s}$







$= \prod_{j=1}(a_{j}^{-2}+(x_{j}-u_{j})^{2})$ (Product Peak
103
$f_{3}(\mathrm{x})$ $=$
$(1+ \sum_{j=1}a_{jj}X)^{-S}-1$ (Corner Peak)
$f_{4}(\mathrm{x})$ $= \exp(-\sum_{j=1}^{\text{ }}o_{j}^{2}(Xj-u_{j})^{2})$ (Gaussian)
$f_{5}(\mathrm{x})$ $= \exp(-\sum_{j=1}a_{j}|Xj-u_{j}|)s$ $(C_{0})$
$f_{6}(\mathrm{x})$ $= \exp(-\sum_{=j1}^{l}aj^{X_{j}})1>u11x1x2>u_{2}$ (Discontinuous)
$1_{x_{1}>u_{1}}$ $x_{1}>u_{1}$ $x_{1}$ 1, $0$ ( $1_{x_{2>u_{2}}}$ ) . $u_{i}$
$[0,1)$ – , $a_{j}$ $[0,1)$ – , $\Sigma_{j=1j}^{s}a--$
$h_{k^{S^{-\mathrm{e}_{k}}}}$ . $e_{k},$ $h_{k}$ , $(e_{k})=(1.5,2,2,1,2,2)$ ,
$(h_{k})=(110,600,600,100,150,100)$ ([1] ) . $a_{j}$
. . $u_{j}$ .
10 $fi$ , $a_{j},$ $u_{j}$.
10 , $f1$ 30 scram-
ble random shift (6) . ,
Faure $F^{1}\mathrm{J}$ , Sobol’ , Larcher et $\mathrm{a}1.[2]$ $(t, m, s)$-net .
scramble random shift . scramble , ,
, 2 ,
. $(.t, m, s)$-net $b$ $m$ , $m$
, 1 scramble , $s\cross(1+b+b^{2}+\cdots+b^{m}-1)=$
$s(b^{m}-1)/(b-1)$ . , ,
scramble .
random shift $[0,1-]^{s}$ 1 .
1 $fi,$ $\ldots,$ $f_{6}$ , , scramble ran-
dom shift , $a_{j}$ , $u_{j}$ 10
. Faure Sobol’ . Larcher et al
$(t, m, s)$-net , ,
.
, , $f_{k}$ 1 ,
Fuare Sobol’ . 2, 3 , scram-
ble random shift (7) $\hat{\sigma}$ , $3\hat{\sigma}$ $\overline{I}\pm 3\hat{\sigma}$
. . $\overline{I}\pm 3\hat{\sigma}$ .
, Faure Sobol’ . , scram-








, . , random shift
.
, random shift ,
, , scramble
, , , [5]
. [4] , scramble 2 , Haar b-adic Haar
. , 1 $\mathrm{b}$-adic Haar ,
. , $[0,1]$ $b$ $.\psi_{\text{ }}(x),$ $C=0,1,$ $\ldots,$ $b-1$ .
$\psi_{\mathrm{c}}(_{X)}=\{$
$\sqrt{b}-\frac{1}{\sqrt{b}}$ , $\frac{c}{b}\leq x.<\frac{c+1}{b}$ ,
$- \frac{1}{\sqrt{b}}$ , otherwise.
(8)
$\psi_{c}(x)$ , $b$-adic Haar : $k\geq 0,0\leq t<b^{k}$ .
$\psi_{\text{ }}(X)$ ,
$\psi_{kt\mathrm{c}}(_{X})=b^{\frac{k}{2}}\psi_{c}(b^{k}x-t)$ (9)
. $\{\psi_{ktc}\}$ , $b$ $(t, m, s)$-net
, $k$ $m-t$ $\psi_{ktc}$ $0$ .
, 2 [4] . , $b$-adic Haar
,
.
, , 2 (random
shift scramble) , , b-adic
Haar .
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(a) $f_{1}$ (b) $f_{2}$
(c) $f_{3}$ (d) $f_{4}$
{ $\mathrm{e})f_{5}$. (f) $f_{6}$









$- \mathrm{K}$ $m$ $6\mathrm{m}$ $\infty\infty$ $\mathrm{t}\mathrm{R}$ $|\mathrm{a}\mathrm{m}$ $\mathrm{t}\mathrm{l}\mathrm{r}$ $m\mathfrak{v}$
(a) $f_{1}$ scramble (b) $f_{1}$ random shift
$\mathrm{s}0\ovalbox{\tt\small REJECT} \mathrm{b}a\overline{*\mathrm{q}\mathrm{r}m}^{1}\overline{-}$
’$\mathrm{t}\mathrm{t}5\omega$ $l.1371537–$ $l|[] 5\infty$











$0$ $n\infty$ $\mathfrak{m}0$ $\mathrm{R}$ $\Re\infty$ $1\mathrm{R}$ $1\mathfrak{N}\mathrm{D}$ $1i0\infty$ $1\infty\infty$
$9\mathrm{t}\mathrm{m}\mathrm{m}_{0}$
$\mathrm{a}\infty$ $\mathfrak{m}0$ $\alpha \mathfrak{w}$ $\infty\infty$ $\uparrow \mathfrak{m}$ $12\mathfrak{m}$ $|\mathrm{r}\mathrm{m}$ 10
$9\iota \mathrm{m}$








$\mathrm{m}$ $1\mathrm{M}$ $\mathrm{s}\infty$ $m\mathrm{o}$ $\{\alpha m$ $12\mathfrak{m}$ $l[] 0\infty$ $1\infty \mathrm{m}$
(e) $f_{3}$ scramble (f) $f_{3}$ random shift










’ $\mathrm{m}$ $m$ $\mathrm{m}$ $\omega$ $\mathrm{t}0$ $|m\mathrm{n}$ $(\mathrm{r}\mathfrak{m}$ $\mathrm{t}0$
(a) $f_{4}$ scrammble (b) $f_{4}$ random shift
$05\iota[]$








05750 $20\infty$ $\mathrm{r}$ $\epsilon \mathfrak{m}$ $w\mathrm{n}$ } $(\mathrm{m}$ $12\mathfrak{m}$ $\mathrm{t}\mathrm{t}0\omega$ $1\infty\infty$
(c) $f_{5}$ scramble (d) $f_{5}$ random shift
0.035
$\wedge j\ovalbox{\tt\small REJECT}^{\Xi}\ \neq_{\Rightarrow}\mathrm{o}w$
$3(70^{\cdot}|\mathfrak{k}6\mathrm{s}\eta \mathrm{r}_{7_{9}\alpha-}\mathrm{s}_{56}^{w}\mathrm{o}\mathrm{u}\mathrm{r}\mathrm{q}M|5u\mathrm{o}|m.,\cdot--$







$0$ $20\infty$ $i\alpha 0$ $60\infty$ $\mathrm{r}\mathrm{m}$ $1\mathrm{R}$ $12\mathfrak{M}$ $\mathrm{t}\mathrm{t}\mathfrak{m}$ $\mathrm{t}\mathrm{R}$
(e) $f_{\grave{\mathrm{b}}}$ scramble (f) $f_{6}$ random shift
3: Faure , Sobol’ scramble shift (2)
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